UTILITY 
PATENT APPLICATION 
TRANSMITTAL 

to (Only for new nonprovisional applications under 37 CFR 1.53(b)) 



Attorney Docket No. 



First Named Inventor or Application Identifier 



HIROYUKI SHINBATA 



Express Mail Label No. 



. APPLICATION ELEMENTS 

See MPEP chapter 600 concerning utility patent application contents. 



ADDRESS TO: 



Assistant Commissioner for Patents 
Box Patent Application n : 
Washington, DC 20231 



-l 
o 



Fee Transmittal Form 

(Submit an original, and a duplicate for fee processing) 



Specification 
Drawing(s) (35 USC 113) 

Oath or Declaration 



Total Pages | 60 
Total Sheets 1 23 



Total Pages 1 1 



6. 1 | Microfiche Computer Program (Appendix) .5? = 

7. Nucleotide and/or Amino Acid Sequence Submission s 
(if applicable, all necessary) SoT s a 

□ mo 
Computer Readable Copy u s 

b. | | Paper Copy (identical to computer copy) 

c. I I Statement verifying identity of above copies 



Newly executed (original or copy) 
Unexecuted for information purposes 

Copy from a prior application (37 CFR 1 .63(d)) 
(for continuation/divisional with Box 17 completed) 
[Note Box 5 below] 

i. | | DELETION OF INVENTOR(S) 

Signed Statement attached deleting inventor(s) 
named in the prior application, see 37 CFR 
1.63(d)(2) and 1.33(b). 

Incorporation By Reference (useable if Box 4c is checked) 
The entire disclosure of the prior application, from which a copy of the 
oath or declaration is supplied under Box 4c, is considered as being 
part of the disclosure of the accompanying application and is hereby 
incorporated by reference therein. 



ACCOMPANYING APPLICATION PARTS 



10. □ 

12. □ 

13. fx] 

14. □ 

15. □ 

16. □ 



Assignment Papers (cover sheet & document(s)) 



37 CFR 3.73(b) Statement 
(when there is an assignee) 



□ 



English Translation Document (if applicable) 

Information Disclosure I I Copies of IDS 
Statement (IDS)/PTO-1449 ' ' Citations 

Preliminary Amendment 

Return Receipt Postcard (MPEP 503) 
(Should be specifically itemized) 

Small Entity I j Statement filed in prior application 
Statements) Status still proper and desired 

Certified Copy of Priority Document(s) 
(if foreign priority is claimed) 

Other: 



1 7. If a CONTINUING APPLICATION, check appropriate box and supply the requisite information: 

I j Continuation | | Divisional | | Continuation-in-part (CIP) of prior application No. /_ 



Customer Number or Bar Code Label 



18. CORRESPONDENCE ADDRESS 



05514 

irt Customer No. or Attach bar code label here) 



□ 



Correspondence address below 



Page 1 of 2 



CLAIMS 


(1)FOR 


(2) NUMBER FILED 


(3) NUMBER EXTRA 


(4) RATE 


(5) CALCULATIONS 




TOTAL CLAIMS 

(37 CFR 1.16(c)) 


21-20 = 


1 


X$ 18.00 = 


$ 18.00 




INDEPENDENT 
CLAIMS (37 cfr 1.16(b)) 


9-3 = 


6 


X $ 78.00 = 


$ 468.00 




MULTIPLE DEPENDENT CLAIMS (if applicable) (37 CFR 1.16(d)) 


$260.00 = 








BASIC FEE 
(37 CFR 1.16(a)) 


$ 760.00 


',,.,„< j Total of above Calculations = 


$1246.00 




Reduction by 50% for filing by small entity (Note 37 CFR 1 .9, 1 .27, 1 .28). 






TOTAL = 


$1246.00 



19. Small en tity st atus 

a. | j A Small entity statement is enclosed 

, I I A small entity statement was filed in the prior nonprovisional application and such status is still proper 

D - L_J and desired. 

c. | [ Is no longer claimed. 

20. | x| A check in the amount of $ 1246.00 to cover the filing fee is enclosed. 

21. | I A check in the amount of $ to cover the recordal fee is enclosed. 



Fees required under 37 CFR 1.16. 
Fees required under 37 CFR 1.17. 
Fees required under 37 CFR 1.18. 



SIGNA TURE OF APPLICANT, A TTORNEY, OR A GENT REQUIRED 


NAME 


Leonard P. Diana (Reg. No. 29,296) 


SIGNATURE 


£-V P. ^ 


DATE 


September 23, 1999 



/PAP 



Page 2 of 2 



CFO 13853 US 



IMAGE PROCESSING METHOD AND APPARATUS AND 
RECORDING MEDIUM 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a constitution 
which performs a processing of an image for medical 
purposes . 

Related Background Art 

10 In recent years, with the advancement in digital 

techniques, there has been performed a processing, for 
example, which comprises: receiving radiation (X rays, 
and the like) by a sensor via an object; digitizing a 
resulting radiation image; performing a predetermined 

15 image processing on a digital image; and transmitting 
an output to a monitor, or a film for X-ray diagnosis. 

Examples of the image processing include a 
gradation conversion processing in which gradation 
conversion is performed in accordance with density 

20 distribution of an original image obtained by 

radiographing. By the gradation conversion processing, 
the image obtained by the radiographing is converted to 
a density value which is easily observed, and outputs 
are transmitted to the monitor, the film, and the like. 

25 For example, Fig. 19 shows an X-ray image 600 

which is obtained by X-ray photographing of a cervical 
vertebra front part. In Fig. 19, an area 601 (black 
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portion) shows a head part, and the other area 602 
shows a throat part. 

Here, when the X-ray image 600 is outputted to the 
film for X-ray diagnosis, first, a characteristic 
5 amount of the X-ray image 600 is extracted. In this 
case, in a method of extracting the characteristic 
amount, as shown in Fig. 20, used is a histogram of a 
remaining area which is obtained by deleting a passing 
through area (area in which X rays are directly 

10 radiated to the sensor) from the X-ray image 600. In 

Fig. 20, abscissa shows pixel value, and ordinate shows 
output frequency. Therefore, in the histogram, the 
pixel value (x) of a lower portion, for example, a 
constant portion (low density portion) point such as 5% 

15 point is extracted as the characteristic amount, and 
the density value of the X-ray image 600 is converted 
so that the extracted pixel value (x) reaches a density 
value of about 1.0 on the film. 

However, in the above-described conventional 

20 characteristic amount extracting method, the pixel 

value around the low density portion at most is merely 
extracted as the characteristic amount for use in the 
gradation conversion processing. Specifically, the 
portion from which the characteristic amount is 

25 extracted is not necessarily stable. Therefore, when 
the characteristic amount obtained in the conventional 
method is used to perform the gradation conversion 
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processing on the photographed image, there arises a 
problem that the density value is dispersed in the film 
or the like for each photographed image. This 
deteriorates the image quality of the processed image. 

5 

SUMMARY OF THE INVENTION 

An object of the present invention is that a 

characteristic area of photographed image can highly 

precisely be set. 
10 To attain this object, according to the present 

invention, there is provided an image processing method 

for extracting a characteristic amount of a 

photographed image from the photographed image obtained 

by photographing an object, comprising: 
15 a passing through deleting step of deleting a 

passing through area from the photographed image; 

a preparing step of preparing a projection from 

the image from which the passing through area is 

deleted; and 

20 a setting step of setting a characteristic area of 

the photographed image based on a result of the 
projection. 

There is also provided an image processing method 
for extracting a characteristic amount of a 
25 photographed image from the photographed image obtained 
by photographing an object, comprising: 

a preparing step of preparing an outside outline 
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of the object from the photographed image; 

a first setting step of setting a characteristic 
area of the photographed image from the outside 
outline; 

5 an analyzing step of analyzing a density 

distribution of the photographed image; 

a second setting step of setting the 
characteristic area of the photographed image from the 
density distribution; and 
10 a third setting step of setting the characteristic 

area in the photographed image based on a result of the 
first setting step and/or a result of the second 
setting step. 

There is further provided an image processing 
15 method for extracting a characteristic amount of a 

photographed image from the photographed image obtained 
by photographing an object, comprising: 

a passing through deleting step of deleting a 
passing through area from the photographed image; 
20 a calculating step of calculating an average pixel 

value of a predetermined axis direction from the image 
from which the passing through area is deleted; and 

a setting step of setting a characteristic area of 
the photographed image based on a shape of a result of 
25 the calculating step. 

Another object of the present invention is that by 
performing gradation conversion in accordance with a 
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characteristic amount obtained from a highly precisely 
set characteristic area, an excellent gradation 
conversion can be realized. 

To attain this object, the image processing method 
5 of the present invention further comprises a step of 

using the characteristic amount for the characteristic 
area to perform a gradation conversion processing. 

The present invention will be illustrated 
hereinafter by way of example, and not by way of 
10 limitation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing one constitution 
example of an X-ray photographing device; 
15 Fig. 2 is a flowchart showing the operation of a 

characteristic amount extracting circuit according to a 
first embodiment; 

Figs. 3A and 3B are explanatory views of a 
projection obtained in the characteristic amount 
20 extracting circuit; 

Fig. 4 is a graph showing a characteristic amount 
obtained by the shape of the projection; 

Fig. 5 is a flowchart showing the operation of the 
characteristic amount extracting circuit in a second 
2 5 embodiment ; 

Figs. 6A and 6B are explanatory views showing one 
example of a photographed image from which the 
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character i stic amount is extracted in the 
characteristic amount extracting circuit; 

Fig. 7 is a graph showing the projection obtained 
in the characteristic amount extracting circuit; 
5 Fig. 8 is a block diagram showing the constitution 

of the characteristic amount extracting circuit in a 
third embodiment; 

Fig. 9 is a flowchart showing the operation of the 
characteristic amount extracting circuit; 
10 Figs. 10A and 10B are explanatory views showing 

one example of the photographed image from which the 
characteristic amount is extracted in the 
characteristic amount extracting circuit; 

Fig. 11 is a graph showing the projection obtained 
15 in the characteristic amount extracting circuit; 

Figs. 12A and 12B are explanatory views of the 
projection obtained in the characteristic amount 
extracting circuit in a fourth embodiment; 

Fig. 13 is a block diagram showing the 
20 constitution of a digital X-ray photographing device 
according to a fifth embodiment; 

Fig. 14 is a block diagram showing the 
constitution of a first analyzing circuit; 

Fig. 15 is a block diagram showing the 
25 constitution of a second analyzing circuit; 

Fig. 16 is a flowchart showing the flow of an 
image judgment processing; 
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Fig. 17 is a flowchart showing the flow of a first 
analysis processing; 

Fig. 18 is a flowchart showing the flow of a 
second analysis processing; 
5 Figs. 19A, 19B and 19C are constitution diagrams 

showing a cervical vertebra side view and a processed 
image; 

Figs. 20A, 20B and 20C are constitution diagrams 
showing the cervical vertebra side view and the 
10 processed image; 

Fig. 21 is a characteristic diagram showing an 
outside outline; 

Fig. 22 is a characteristic diagram showing an 
average pixel value; 
15 Fig. 23 is a block diagram showing the 

constitution of a sixth embodiment; 

Fig. 24 is a flowchart showing a processing flow 
according to the sixth embodiment; 

Figs. 25A and 25B are diagrams showing a relation 
20 between a cervical vertebra image and an average pixel 
value; 

Fig. 26 is a graph showing a gradation conversion 
curve ; 

Fig. 27 is a flowchart showing a processing flow 
25 according to a seventh embodiment; 

Figs. 28A, 28B and 28C are diagrams showing a 
relation of a throratic spine image, an average pixel 



value and a profile; 

Fig. 29 is an explanatory view showing a 
conventional characteristic amount extracting method; 

Fig. 30 is an explanatory view showing a histogram 
for use in the conventional characteristic amount 
extracting method. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiments of the present invention will be 
described hereinafter with reference to the drawings. 
(First Embodiment) 

The present invention is applied, for example, to 
an image processing device 100 as shown in Fig. 1. 

The image processing device 100 is an X-ray image 
processing device having a gradation conversion 
processing function (density value converting 
function), and is provided, as shown in Fig. 1, with a 
data collecting circuit 105, a before-processing 
circuit 106, an irradiation field recognizing circuit 
113, a characteristic amount extracting circuit 114, a 
gradation conversion processing circuit 115, a CPU 108, 
a main memory 109, an operation panel 110, an image 
displaying unit 111, and a printer 112. These 
constituting components exchange data via a CPU bus 
107. 

Moreover, the image processing device 100 is 
provided with an X-ray generating circuit 101 and a 



two-dimensional X-ray sensor 104. Additionally,, the X- 
ray generating circuit 101 and two-dimensional X-ray 
sensor 104 are connected to the data collecting circuit 
105, and an X-ray beam 102 radiated from the X-ray 
5 generating circuit 101 is incident upon the two- 
dimensional X-ray sensor 104 via an object to be tested 
(object) 103. 

Here, in the embodiment, a cervical vertebra front 
part is X-ray photographed by the image processing 

10 device 100 to obtain an image 600 as shown in Fig. 3, 
and the characteristic amount of the image 600 is 
extracted. For example, as an area from which the 
characteristic amount is to be extracted, the vicinity 
of a bone area of a throat 602 is used, and the pixel 

15 value of the area is extracted as the characteristic 
amount (density characteristic amount). This is 
because it has been experimentally found that when the 
pixel value of the vicinity of the bone area of throat 
602 is used as the characteristic amount to perform a 

20 gradation conversion processing, a stable gradation 
characteristic can be obtained. 

Additionally, since an area 601 (black portion) is 
inferior in X-ray transmittance, obtained data has a 
lower pixel value as compared with data of the throat 

25 part and passing through part (in this case, a portion 
having a low X-ray transmittance is regarded as low 
density, and a portion having a high X-ray 
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transmittance is regarded as high density. Even in a 
converse case, it: is easy for a person skilled in the 
art to change formula ) . 

Additionally, in the image processing device 100, 
5 processing programs necessary for various processings 
in the CPU 108, various data, and the like are stored 
in the main memory 109. Moreover, the main memory 109 
also includes a work memory for the operation of the 
CPU 108. Then, the CPU 108 reads the processing 

10 program stored in the main memory 109 and executes the 
program to perform an operation control of the entire 
device according to the operation in the operation 
panel 110. Thereby, the image processing device 100 
operates as follows : 

15 First, when a user gives an instruction to start 

photographing in the operation panel 110, the X-ray 
generating circuit 101 radiates the X-ray beam 102 to 
the object 103. 

The X-ray beam 102 radiated from the X-ray 

20 generating circuit 101 is attenuated and transmitted 

through the object 103 to reach the two-dimensional X- 
ray sensor 104. 

The two-dimensional X-ray sensor 104 converts the 
X-ray beam 102 transmitted through the object 103 from 

25 the X-ray generating circuit 101 into an electric 

signal, and outputs the signal as X-ray image data of 
the object 103. 
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The data collecting circuit 105 digitizes the X- 
ray image signal outputted from the two-dimensional X- 
ray sensor 104 and supplies the signal to the before- 
processing circuit 106. 
5 The before-processing circuit 106 performs an 

offset correction processing, a gain correction 
processing, and other pre-processings on the X-ray 
image data from the data collecting circuit 105. 
The X-ray image data subjected to the pre- 

10 processing in the before-processing circuit 106 is, by 
control of CPU 108, transmitted via the CPU bus 107, 
once stored in the main memory 109, then supplied to 
the irradiation field recognizing circuit 113. 
The irradiation field recognizing circuit 

15 (irradiation field area extracting circuit) 113 

extracts the irradiation field area (area in which so- 
called^ " irradiation regulation" is performed by 
irradiating only the necessary area to prevent 
scattering from an unnecessary area and to prevent 

20 contrast from lowering in a photographing area) of the 
input image data supplied via the CPU bus 107. The 
irradiation field area obtained by the irradiation 
field recognizing circuit 113 is, by the control of CPU 
108, supplied to the characteristic amount extracting 

25 circuit 114 via the CPU bus 107. 

The characteristic amount extracting circuit 114 
is a circuit for extracting the characteristic amount 
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of input image, and is provided with a passing through 
deleting circuit 114a for deleting a passing through 
area and a field area contacting the passing through 
area over a constant width from the irradiation field 
5 area obtained by the irradiation field recognizing 

circuit 113; a projection preparing circuit 114b for 
preparing a projection from image data of the area 
other than the area subjected to the passing through 
deleting processing by the passing through deleting 
10 circuit 114a; a projection analyzing circuit 114c for 

analyzing the area to extract the characteristic amount 
(density characteristic amount) therefrom from the 
shape of the projection prepared by the projection 
preparing circuit 114b; and a characteristic amount 
15 calculating circuit 114d for calculating the 

characteristic amount in accordance with analysis 
result of the projection analyzing circuit 114c. 

Additionally, the characteristic amount calculated 
by the characteristic amount calculating circuit 114d 
20 is supplied to the gradation conversion processing 

circuit 115, in which a gradation conversion processing 
is performed on the input image data based on the 
characteristic amount. 

The operation of the characteristic amount 
25 extracting circuit 114 will be described hereinafter in 
detail with reference to a flowchart shown in Fig. 2. 

First, the irradiation field recognizing circuit 
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113 disposed before the characteristic amount 
extracting circuit 114 obtains the input image data 
stored in the main memory 109 by the control of CPU 
108, and extracts the irradiation field area in the 
5 input image data ( step S200 ) . 

Subsequently, in the characteristic amount 
extracting circuit 114, the passing through deleting 
circuit 114a replaces the pixel value of the area 
outside the irradiation field area extracted by the 
10 irradiation field recognizing circuit 113, the passing 
through area in the irradiation field area, or the 
field area contacting the passing through area within a 
predetermined interval, for example, with "0" (step 
S201) . 

15 In the passing through deleting circuit 114a, 

processed image data fl(x, y) is represented by 
equation ( 1 ) . 

xl=dl yl=d2 

fl{x,y) = f{x,y)x JJ JJ sgn{x+xl,y+yl) ... (1) 

xl=-dl yl=-d2 

In the equation (1), "f(x, y)" denotes the input 
20 image data. Moreover, sgn(x, y) is represented by 
equation ( 2 ) with a constant Thl determined by 
experiment or the like (e.g., the value is 90% of the 
maximum pixel value of the entire image ) , and constants 
dl, d2 for determining the constant interval width to 
25 delete the field area. 

sgn(x,y) = 0 : when f(x,y) > Thl 
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sgn(x,y) = 1 : others ... (2) 

Subsequently, the projection preparing circuit 
114b binarizes the pixel value which cannot be replaced 
with " 0" in the passing through deleting circuit 114a 
5 (the pixel value in the image data fl(x, y) after the 
passing through deletion processing). The binarized 
image data f2(x, y) is represented by equations (3) and 
(4). 

f2(x,y) = sgnl(x,y) . ... (3) 

10 sgnl(x,y) = c : fl(x,y) # 0 

sgnl(x,y) = 0 : others ... (4) 

Additionally, in the above equation (4), " c" is a 
constant, and is set to "1" here. 

Subsequently, the projection preparing circuit 
15 114b prepares projection f pro (x) to X-axis of the 

binarized image data f2(x, y) according to equation (5) 
(step S202). 

dy 

f pro(x) = ff2(x,y)dy ... (5) 



Therefore, in the projection preparing circuit 
20 114b, the projection f pro (x) is prepared as shown in 
Fig. 3A. In Fig. 3A, abscissa shows X-axis, and 
ordinate shows the number of pixels. 

As described above, after the projection f pro (x) 
is prepared by the projection preparing circuit 114b, 
25 the projection analyzing circuit 114c next uses the 
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projection f pro (x) to obtain secondary difference 
value f second (x), and X coordinate xl in which the 
secondary difference value f second (x) reaches a 
maximum value by equations (6) and (7) (steps S203, 
5 S204). 

f second(x) = f pro(x+dl )-2xf pro(x)-f pro(x-dl) 

---(6) 

xl = max{f second(x) | 0<x<dx} 

.--(7) 

10 In the equations (6) and (7), " dl" denotes a 

difference distance (set to "5" here), and "dx" and 
" dy" denote widths on X-axis and Y-axis of an image 
area (set to "168" here). 

Therefore, in the projection analyzing circuit 

15 114c, a shown in Fig. 3B, the secondary difference 

value f second ( x ) , and the X coordinate xl in which 
the secondary difference value f second (x) reaches the 
maximum value are obtained. 

Subsequently, the projection analyzing circuit 

20 114c obtains coordinates xr and xl on a horizontal axis 
of the area from which the characteristic amount is 
extracted (area in the vicinity of the bone area of the 
throat 602, that is, area C shown by slashes in Fig. 
3A ) by equations ( 8 ) and ( 9 ) . 

25 xr = xl - d3 ... (8) 

xl = xl - d4 . . . ( 9 ) 

In the equations ( 8 ) and ( 9 ) , " d3" and " d4" denote 
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constants, and are herein set to "10" and "20" . 

Moreover, the projection analyzing circuit 114c 
obtains coordinates yu and yd on the vertical axis of 
the area C by equations (10) and (11) (step S205). 
5 yu = yl+fpro(xl-d3)/2+d5 ... (10) 

yd = yl+fpro(xl-d3)/2-d5 ... (11) 

In the equations (10) and (11), "yl" and "y2" 
denote low end and upper end coordinates of the image 
area after the passing through deletion processing in X 
10 coordinate xr (=xl-d3). Additionally, the coordinates 
yu and yd may be coordinates yl and y2 . 

Subsequently, the characteristic amount 
calculating circuit 114d calculates the average value 
of pixel values in coordinate (xl, xr, yu, yd) obtained 
15 in the projection analyzing circuit 114c, and 

calculation result is used as the characteristic amount 
(density characteristic amount) in the gradation 
conversion processing circuit 115 (step S206). 

Additionally, the density characteristic amount 
20 calculated here may be, for example, an intermediate 
value in the area C. 

As shown in Fig. 4, the gradation conversion 
processing circuit 115 converts the density value of 
the input image data so that the density characteristic 
25 amount obtained in the characteristic amount 

calculating circuit 114d indicates a density value of 
1.4. 



Additionally, in Fig. 4, abscissa shows the 
density value of the input image data, and ordinate 
shows the density value of output image (processed 
image ) . 

5 The image data subjected to the gradation 

conversion processing in the gradation conversion 
processing circuit 115 is, by the control of CPU 108, 
displayed on a screen in the image displaying unit 111, 
or printed/outputted in the printer 112. 

10 As described above, in the embodiment, the 

constitution comprises deleting the passing through 
area from the photographed image, preparing the 
projection of the image, and extracting the density 
characteristic amount from the shape of the projection, 

15 so that the density characteristic amount of the 

predetermined area (area C shown in Fig. 3A) can stably 
be extracted. Therefore, even when the density 
distribution of the photographed object terribly 
fluctuates, a stable image after the gradation 

20 conversion processing can be obtained, and an 

appropriate and stable image for use in diagnosis or 
the like can be obtained. 
(Second Embodiment) 

In a second embodiment, the characteristic amount 

25 extracting circuit 114 in the first embodiment is 

operated, for example, as shown in the flowchart of 
Fig. 5. 
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Additionally, in the flowchart of Fig. 5, the 
steps of executing processings in the same manner as in 
the flowchart of Fig. 2 are denoted with the same 
reference numerals, the detailed description thereof is 
5 omitted, and only the constitution different from that 
of the first embodiment will be described in detail. 

First, as described above, the irradiation field 
recognizing circuit 113 extracts the irradiation field 
area from the input image data (step S200). Moreover, 

10 the passing through deleting circuit 114a deletes the 
area outside the irradiation field area, the passing 
through area in the irradiation area, and the field 
area contacting the passing through area with the 
constant width (step S201). 

15 Here, for example, when the input image data 

comprises an image 310 of a cervical vertebra front 
part as shown in Fig. 6A in the same manner as the 
first embodiment, the image subjected to the passing 
through deletion processing in the passing through 

20 deleting circuit 114a turns to an image 320 as shown in 
Fig. 6B. 

Additionally, an area 321 shown in Fig. 6B (white 
square portion in a central portion) indicates a 
characteristic amount extracting area. 
25 Subsequently, the projection preparing circuit 

114b prepares a weighting projection f pro2 (x) to X- 
axis of the image data f2(x, y) obtained by binarizing 
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the pixel value which cannot be replaced with " 0" in 
the passing through deleting circuit 114a (the pixel 
value in the image data fl(x, y) after the passing 
through deletion processing) according to equation (12) 
5 (step S202' ). 

dy 

f pro2(x) = Jf2(x,y)xf3(x,y)dy ... (12) 

In the equation (12), "f3(x, y)" denotes a simple 
decrease function of pixel value. Examples of the 
function include functions represented by equations 
10 (13) and (14), and the form is not limited. 

f3(x,y) = cl/(fl(x,y)+c2) ... (13) 

f3(x,y) = (c3-fl(x / y))x(c3-fl(x,y)) ... (14) 
Additionally, in the equations (13) and (14), 
" cl" , " c2" , and " c3" (>max) denote constants, and "max" 
15 denotes the maximum pixel value which can be taken by 
the image . 

Therefore, in the projection preparing circuit 
114b, the weighting projection f pro2 (x) is prepared 
as shown in Fig. 7. 

20 The projection analyzing circuit 114c uses the 

projection f pro2 (x) prepared by the projection 
preparing circuit 114b to obtain X coordinate x2 
indicating a minimum value in which the projection f 
pro2 (x) is not "0" by equation (15) (step S205' ). 

25 x2=min{fpro2(x) | 0<x<dx, and fpro2(x)>0} ... (15) 
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Therefore, the X coordinate x2 obtained in the 
projection analyzing circuit 114c is replaced with the 
X coordinate xl in the first embodiment, the coordinate 
(xl, xr, yu, yd) of the characteristic amount 
5 extracting area is calculated in the same manner as the 
first embodiment, the average value of the pixel values 
in the coordinate is calculated as the density 
characteristic amount for use in the gradation 
conversion processing circuit 115, and the subsequent 

10 processing is advanced. 

As described above, in the embodiment, the 
projection for use in extracting the characteristic 
amount extracting area is constituted to be the 
projection f pro2 (x) weighted with the pixel value. 

15 For example, in the vicinity of the low density portion 
such as a chin overlapping the noted area, the 
projection rises. Therefore, the characteristic amount 
extracting area (throat) can be extracted with higher 
precision. Therefore, the characteristic amount for 

20 use in the gradation conversion processing can be 
obtained more stably. 

Moreover, in the constitution, since the 
characteristic amount extracting area is extracted 
using only the X coordinate x2 indicating the minimum 

25 value in which the projection f pro2 (x) is not "0" 

without using the secondary difference value f second 
(x), a high processing speed can be attained. 
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Furthermore, since the position where the value of 
the projection f pro2 (x) indicates the minimum value 
necessarily corresponds to a neck part (bone area of 
the throat ) , a more stable characteristic amount can be 
5 obtained. 

Additionally, in the second embodiment, the 
projection f pro (x) of the first embodiment may be 
used to extract the characteristic amount extracting 
area. Conversely, in the first embodiment, the 
10 projection f pro2 (x) weighted with the pixel value may 
be used to extract the characteristic amount extracting 
area. 

(Third Embodiment) 

In a third embodiment, the inside of the 

15 characteristic amount extracting circuit 114 of Fig. 1 
in the first embodiment is constituted, for example, as 
shown in Fig . 8 . 

Specifically, here in the characteristic amount 
extracting circuit 114, instead of the projection 

20 preparing circuit 114b and the projection analyzing 
circuit 114c shown in Fig. 1, there are provided an 
outside outline preparing circuit 411 for preparing the 
outside outline of the area which cannot be replaced 
with "0" in the projection preparing circuit 114b, and 

25 an outside outline analyzing circuit 412 for extracting 
the characteristic amount extracting area from the 
shape of the outside outline prepared in the outside 
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outline preparing circuit 411. 

Additionally, in the characteristic amount 
extracting circuit 114 of Fig. 8, the sections 
operating in the same manner as in the characteristic 
5 amount extracting circuit 114 of Fig. 1 are denoted 
with the same reference numerals, the detailed 
description thereof is omitted, and here only the 
constitution different from that of the first 
embodiment will be described in detail. 
10 The characteristic amount extracting circuit 114 

is operated, for example, as shown in the flowchart of 
Fig. 9. 

Additionally, in the flowchart of Fig. 9, the 
steps executing processings in the same manner as in 

15 the flowchart of Fig. 2 are denoted with the same 
reference numerals, and the detailed description 
thereof is omitted. 

First, as described above, the irradiation field 
recognizing circuit 113 extracts the irradiation field 

20 area from the input image data (step S200). Moreover, 
the passing through deleting circuit 114a deletes the 
area outside the irradiation field area, the passing 
through area in the irradiation area, and the field 
area contacting the passing through area with the 

25 constant width (step S201 ) . 

Here, for example, when the input image data 
comprises an image 430 of a cervical vertebra side part 
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as shown in Fig. 10A, the image subjected to the 
passing through deletion processing in the passing 
through deleting circuit 114a turns to an image 440 of 
an outside outline as shown in Fig. 10B. 
5 Additionally, an area 441 (white square portion in 

a central portion) shown in Fig. 10B indicates a 
characteristic amount extracting area described later. 
Moreover, when the area in which the pixel value is not 
" 0" is searched in y coordinate direction, but is not 

10 found, for convenience, the outside outline is regarded 
as an image end portion ( " 0" or " dy" ) . 

Subsequently, the outside outline preparing 
circuit 411 extracts the outside outline as shown in 
Fig. 11 from the image data f2(x, y) obtained after 

15 binarizing the pixel value (pixel value in the image 
data fl (x, y) after the passing through deletion 
processing) which cannot be replaced with "0" in the 
passing through deleting circuit 114a (step S421). 

Here, the outside outline on the side of y=dy is 

20 set to yl(x), and the outside outline on the side of 
y=0 is set to y2(x). Here, the outside outline means 
the coordinate (hereinafter referred to as "the change 
coordinate" ) in which f2(x, y) changes to constant c 
from "0" in the predetermined x coordinate, the outside 

25 outline obtained by searching the change coordinate 

from the side of y=dy is yl(x), and the outside outline 
obtained by searching the change coordinate from the 
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side of y=0 is y2(x). In this case, when no change 
coordinate is found, for convenience, the image end 
portion is regarded as the outside outline. 
Specifically, when scanning is performed from the side 
5 of y=dy, but no change coordinate is found, then y=dy 
is regarded as the outside outline. Similarly, when 
scanning from the side of y=0, y=0 is regarded as the 
outside outline. 

Additionally, the outside outline analyzing 
10 circuit 412 calculates coordinate d' 1 of the minimum 
value of the outside outline yl(x) obtained in the 
outside outline preparing circuit 411, and coordinate 
d' 2 of the maximum value of the outside outline y2(x) 
by equations (16) and (17), and additionally calculates 
15 a starting point X coordinate x3 of the characteristic 
amount extracting area by equation (18) (step S422). 
d' 1 = min{yl(x) | 0<x<dx} ... (16) 

d' 2 = max{y2(x) | 0<x<dx} ... (17) 

x3 = (d' 1+d' 2)/2 ... (18) 

20 Additionally, the range of the coordinate x3 

calculated by the above equation ( 18 ) is set so as to 
satisfy equation (19) or (20) with the coordinate xl of 
the first embodiment and the coordinate x2 of the 
second embodiment. Moreover, instead of the above 
25 equation (18), equation (21) may be used. 

xl < x3 < (d' 1+d' 2)/2 ... (19) 

x2 < x3 < (d' 1+d' 2)/2 ... (20) 
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x3 = x2/2+(d' 1+d' 2)/4 ... (21) 

Therefore, the coordinate x3 obtained in the 
outside outline analyzing circuit 412 is replaced with 
the coordinate xl of the first embodiment, the 
5 coordinate (xl, xr, yu, yd) of the characteristic 

amount extracting area is calculated in the same manner 
as the first embodiment, the average value of pixel 
values in the coordinate is calculated as the density 
characteristic amount for use in the gradation 

10 conversion processing circuit 115, and the subsequent 
processing is advanced. 

As described above, in the constitution of the 
embodiment, the characteristic amount extracting area 
is extracted from the depression point of the outside 

15 outline. Even when the depression positions of both 
end portions of the characteristic amount extracting 
area (noted area) deviate (e.g., like in the 
photographing of cervical vertebra side part, the 
depressions of the neck deviate in opposite neck end 

20 portions), the characteristic amount extracting area 

can stably be extracted. Therefore, the characteristic 
amount for use in the gradation conversion processing 
can be obtained more stably. 

Moreover, when the X coordinate x3 as the 

25 coordinate information of the characteristic amount 

extracting area is obtained in consideration of the X 
coordinate xl of the first embodiment and the X 
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coordinate x2 of the second embodiment , for example, an 
effect that the characteristic amount extracting area 
fails to overlap the shoulder or the head can be 
obtained. 
5 (Fourth Embodiment) 

In a fourth embodiment, in the characteristic 
amount extracting circuit 114 of Fig. 1, the projection 
preparing circuit 114b and the projection analyzing 
circuit 114c are operated as follows: 

10 First, for example, the input image data comprises 

an image 510 of an elbow joint part as shown in Fig. 
12A. In Fig. 12A, an area 511 (dense portion) shows a 
bone area. In the photographing of the joint part of 
the elbow, a knee, and the like, there is a tendency to 

15 place a joint part in the center of the photographing 
area. Additionally, it is known that when the 
gradation conversion processing is performed so that 
the density value of the bone area of the joint part is 
set, for example, to about 1.0 on the film, the film 

20 with the gradation preferable for diagnosis can be 
obtained. In the drawing, an area 512 shows the 
characteristic amount extracting area. 

Here, the projection preparing circuit 114b has a 
function of using the binarized image data f2(x, y) 

25 obtained by the equation (4) to prepare the projection, 
and additionally has a function of using the image data 
f2(x, y) to prepare projection f pro3 (x, y) by 
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equation ( 22 ) . 



dy 



f pro3(x) = 



f2(x,y)xf4(x)dy 



(22) 



In -the equation (22), "f4(x, y)" indicates a 
function dependent on the value of horizontal axis X. 
Examples of the function include a function represented 
by equation ( 23 ) with a coordinate center Xmid on X- 
axis. 

f4(x) = Xmid-X ... (23) 

Additionally, the function f4(x, y) is not limited 
to the form of the above equation (23). Moreover, the 
coordinate center Xmid may be, for example, a center of 
gravity represented by equation ( 24 ) . 



Furthermore, instead of the above equation (22), 
equations (25) and (26) may be used to prepare the 
projection f pro3 (x, y). 



Xmid = 




xxf 2 ( x , y ) dydx 



(24) 




f pro3(x) = 



f 2 ( x , y ) xf 3 ( x, y ) xf 4 ( x ) dy 



(25) 
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f pro3(x) = |f2(x,y)dy ... (26) 

Therefore, in the projection preparing circuit 
114b, the projection f pro3 (x, y) is prepared as shown 
in Fig. 12B. In Fig. 12B, the projection f pro3 (x, y) 
5 shown by "A" indicates a general projection, and the 
projection f pro3 (x, y) shown by " B" indicates a 
projection weighted with a distance. 

Subsequently, the projection analyzing circuit 
114c obtains X coordinate x4 indicating the maximum 
10 value of the projection f pro3 (x, y) prepared by the 
projection preparing circuit 114b by equation (27). 
x4 = max{f pro3(x) | 0<x<D} ... (27) 
Therefore, the coordinate x4 obtained in the 
projection analyzing circuit 114c is replaced with the 
15 X coordinate xl of the first embodiment, the coordinate 
(xl, xr, yu, yd) of the characteristic amount 
extracting area is calculated in the same manner as the 
first embodiment, the average value of pixel values in 
the coordinate is calculated as the density 
20 characteristic amount for use in the gradation 

conversion processing circuit 115, and the subsequent 
processing is advanced. 

As described above, in the constitution of the 
embodiment, the projection f pro3 (x, y) is prepared in 
25 consideration of the tendency to place the 
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characteristic amount extracting area (joint part) in 
the central portion of the coordinate. Therefore, the 
rising of the projection in the image central portion 
can further be emphasized, and the coordinate of the 
5 characteristic amount extracting area can be extracted 
more stably. The characteristic amount for use in the 
gradation conversion processing can thus be obtained 
more stably. 
(Fifth Embodiment) 

10 The present inventors have experimentally found 

that to display photographed data of cervical vertebra 
on an X-ray diagnosis film, when the pixel value of the 
vicinity of the bone area of throat is used as density 
characteristic amount to perform gradation conversion, 

15 a stable gradation characteristic can be obtained. A 
fifth embodiment has been developed based on the 
finding. 

Fig. 13 shows the constitution of a digital X-ray 
photographing device 1100 according to the embodiment. 

20 The digital X-ray photographing device 1100 has an 

X-ray image processing function including a density 
value converting function, and is provided with a 
before-processing circuit 1106, an irradiation field 
extracting circuit 1112, a passing through deleting 

25 circuit 1113, a characteristic amount extracting 

circuit 1114, a density value converting circuit 1115, 
a CPU 1108, a main memory 1109, an operation panel 
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1110, and an image displaying unit 1111. These 
components exchange data via a CPU bus 1107. 

Moreover, the device is provided with a data 
collecting circuit 1105 connected to the before- 
5 processing circuit 1106, a two-dimensional X-ray sensor 
1104 connected to the data collecting circuit 1105, and 
an X-ray generating circuit 1101. These circuits are 
also connected to the CPU bus 1107. 

Fig. 14 is a block diagram showing the inside 

10 constitution of a first analyzing circuit 1114a in the 
characteristic amount extracting circuit 1114, and Fig. 
15 is a block diagram showing the inside constitution 
of a second analyzing circuit 1114b in the 
characteristic amount extracting circuit 1114. 

15 Fig. 16 is a flowchart showing the flow of an 

image judgment processing in the embodiment. Fig. 17 is 
a flowchart showing a detailed processing flow of first 
analysis processing S1403 of Fig. 16, and Fig. 18 is a 
flowchart showing a detailed processing flow of second 

20 analysis processing S1404 of Fig. 16. 

Figs. 19A and 20A show cervical vertebra data 
obtained by the digital X-ray photographing device. 
Since head and shoulder are poor in X-ray 
transmittance, obtained data has a lower pixel value as 

25 compared with throat or X-ray passing through portion 
(in this case, a portion having a low X-ray 
transmittance is regarded as a low pixel value, and a 
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portion having a high X-ray transmittance is regarded 
as a high pixel value. In a converse case, it is easy 
for a person skilled in the art to change formula). 
Fig. 19B or 20B is obtained by deleting the 
5 passing through portion from Fig. 19A or 20A, and shows 
the area from which the characteristic amount extracted 
by the first analyzing circuit 1114a is extracted with 
a white square. Fig. 19C or 20C shows the area from 
which the characteristic amount extracted by the second 
10 analyzing circuit 1114b is extracted with a white 
square. 

Fig. 21 is a graph showing the outside outline of 
Fig. 19B prepared in the outside outline preparing 
circuit 1201, in which abscissa shows y coordinate, and 
15 ordinate shows x coordinate. 

Fig. 22 is a graph of a pixel average value 
prepared by the pixel average value preparing circuit. 

In Fig. 13, the main memory 1109 is used as a 
memory which stores various data necessary for the 
20 processing in the CPU 1108, and is additionally used as 
a work memory for the operation of the CPU 1108. The 
CPU 1108 uses the main memory 1109 to perform the 
operation control of the entire device or the like 
according to the operation from the operation panel 
25 1110. Thereby, the device 1100 operates as follows: 

First, the X-ray generating circuit 1101 radiates 
an X-ray beam 1102 to an object 1103. The radiated X- 
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ray beam 1102 is attenuated and transmitted through the 
object 1103 to reach the two-dimensional X-ray sensor 
1104, and outputted as an X-ray image by the two- 
dimensional X-ray sensor 1104. The X-ray image 
5 outputted from the two-dimensional X-ray sensor 1104 
is, for example, a cervical vertebra image. 

The data collecting circuit 1105 converts the X- 
ray image outputted from the two-dimensional X-ray 
sensor 1104 into an electric signal and transmits the 

10 signal to the before-processing circuit 1106. The 

before-processing circuit 1106 performs pre-processings 
such as an offset correction processing and a gain 
correction processing on the signal (X-ray image 
signal) from the data collecting circuit 1105. The X- 

15 ray image signal subjected to the pre-processing in the 
before-processing circuit 1106 is transferred as an 
input image to the main memory 1109 and the irradiation 
area extracting circuit 1112 via the CPU bus 1107. The 
irradiation area extracting circuit 1112 extracts the 

20 area in which X rays are directly radiated to the two- 
dimensional X-ray sensor 1104. The passing through 
deleting circuit 1113 deletes the passing through area 
in the irradiation area extracted by the irradiation 
area extracting circuit 1112, and the field area 

25 contacting the passing through area with the constant 
width. 

In the characteristic amount extracting circuit 
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1114, the first analyzing circuit 1114a analyzes the 
area in which the characteristic amount is extracted 
from the outside outline of the area from which the 
passing through area is deleted by the passing through 
5 deleting circuit 1113, and is, as shown in Fig. 14, 

provided with an outside outline preparing circuit 1201 
for preparing the outside outline and an outside 
outline analyzing circuit 1202 for analyzing the area 
from which the characteristic amount is extracted from 

10 the outside outline prepared by the outside outline 
preparing circuit 1201. 

The second analyzing circuit 1114b analyzes the 
area in which the characteristic amount is extracted 
from the pixel average value of the area from which the 

15 passing through area is deleted by the passing through 
deleting circuit 1113, and is, as shown in Fig. 15, 
provided with a pixel average value preparing circuit 
1301 for preparing the pixel average value, and an 
extracting position analyzing circuit 1302 for 

20 analyzing the area in which the characteristic amount 
is extracted from the pixel average value prepared by 
the pixel average value preparing circuit 1301. 

Numeral 1114c denotes a comparing circuit for 
analyzing the area from which the characteristic amount 

25 is finally extracted from the coordinate of the area 
extracted by the first and second analyzing circuits 
1114a, 1114b, and 1114d denotes a characteristic amount 



- 34 - 



calculating circuit for calculating the characteristic 
amount from the area, extracted by the comparing 
circuit 1114c, from which the characteristic amount is 
finally extracted. 
5 The gradation converting circuit 1115 performs 

gradation conversion based on the density 
characteristic amount calculated by the characteristic 
amount calculating circuit 1114d. 

The operation of the characteristic amount 

10 extracting circuit 1114 will next be described with 
reference to Figs. 14 to 18. 

The irradiation area extracting circuit 1112 
extracts the irradiation area from the input image 
processed by the before-processing circuit 1106. As 

15 the extracting method, the system proposed before by 
the present inventor, and the like can be used (step 
S1401). 

On the other hand, the passing through deleting 
circuit 1113 having simultaneously received the input 

20 image replaces the passing through area outside and 
inside the irradiation area extracted by the 
irradiation area extracting circuit 1112 and the field 
area contacting the passing through area within a 
predetermined interval, for example, with "0" pixel 

25 (step S1402). Specifically, the following image 
conversion is performed. 
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xl=dl yl=d2 

fl{x,y) = f(x,y)x JJ JJ scrn(x+xl,y+yl) ... (28) 

xl~-dl yl~-d2 

Here, f(x, y) indicates image data, fl(x, y) 
indicates the image from which the passing through area 
and the field area contacting the passing through area 
5 within the constant interval are deleted, and sgn(x, y) 
is represented as follows. A constant Thl is 
determined by experiment, for example, as a value of 
90% of the maximum pixel value of the entire image, and 
dl, d2 are constants for determining the width to 

10 delete the field area. 

sgn(x,y) = 0 when f(x,y) > Thl 
sgn(x,y) = 1 others ... (29) 

Subsequently, the first analyzing circuit 1114a is 
used to analyze the input image from which the passing 

15 through area is deleted (S1403). The outside outline 

of pixel value fl(x, y) which cannot be replaced with 0 
in the passing through deleting circuit 1113 is 
extracted (Fig. 21). Here, the outside outline on the 
side of y=dy is set to yl(x), the outside outline on 

20 the side of y=0 is set to y2(x), and dx or dy shows an 
x or y axis length of the image, for example, 168. 
Here, the outside outline means the coordinate 
(hereinafter referred to as the change coordinate) in 
which fl(x, y) changes from 0 to the value other than 0 

25 in the predetermined x coordinate. The outline 

obtained by scanning the change coordinate from the 
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side of y=dy is yl(x), and the change coordinate 
scanned from the side of y=0 is y2(x). 

Here, when no change coordinate is found, for 
convenience the image end portion is regarded as the 
5 outside outline. Specifically, when no change 

coordinate is found by scanning from the side of y=dy, 
y=dy is regarded as the outside outline. Similarly, 
when scanning from the side of y=0, y=0 is regarded as 
the outside outline ( step S1501 ) . 

10 The outside outline analyzing circuit 1202 

calculates coordinate dl of the minimum value of yl(x) 
and coordinate d2 of the maximum value of y2(x) by 
equations (30), (31), and calculates starting point 
coordinate xl of the area to be extracted by equation 

15 (32). 

dl = min{yl(x) j 0<x<dx} ... (30) 
d2 = max{y2(x) | 0<x<dx} ... (31) 
xl = (dl+d2)/2 ... (32) 

Then, coordinates xll, xrl on x-axis of the 
20 characteristic extracting portion to be obtained are as 
follows : 

xrl = xl-d3 ... (33) 
xll = xl+d4 ... (34) 
Here, d3 to d6 are constants, and each thereof is, for 
25 example, 20. 

Subsequently, when the change coordinates in x=xl 
are yell, yerl, as shown in equations (35) to (37), the 
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coordinates on y-axis of the characteristic extracting 
portion to be obtained are yll, yrl (step S1502). 

White passing through results of the coordinate 
(xll, xrl, yll, yrl) are shown, for example, in Figs. 
5 19B, 20B. 

yl = (yell+yerl)/2 ... (35) 

yll = yl-d5 ... (36) 

yrl = yl+d6 ... (37) 

In the area (xll, xrl, yll, yrl) extracted by the 
10 first analyzing circuit 1114a, for the image in which 
depressions are generated in both neck area ends, the 
neck bone area can be extracted with good precision. 
However, as shown in Fig. 20B, when no depression is 
found in one end of the neck, the extraction of the 
15 desired area is unsuccessful in some cases. 

Subsequently, the second analyzing circuit 1114b 
is used to analyze the input image from which the 
passing through area is deleted (S1404). 

In the pixel average value preparing circuit 1301, 
20 the pixel is scanned in y-axis direction to calculate 
average pixel value f(x) according to equations (38), 
(39) (step S1602). 

dy 

ffl(x,y)xsign( fl(x,y) )dy 
f(x) = * ... (38) 

dy 

|sign(fl(x,y) )dy 
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if x=0 sign(x) = 0 

else sign(x) =1 ... (39) 
Here, dy denotes y-axis length of the image. 

Subsequently, the extracting position analyzing 
5 circuit 1302 calculates coordinate x2 of the maximum 
value of f(x) according to equation (40). 

x2 = max(f (x) ) ... (40) 

Then, coordinates xl2, xr2 on x-axis of the 
characteristic extracting portion to be obtained are as 
10 follows: 

xr2 = x2 - d7 ... (41) 

xl2 = x2 + d8 ... (42) 
Here, d7 to dlO are constants, and each thereof is, for 
example, 20. 

15 Subsequently, when the change coordinates in x=x2 

are yel2, yer2, as shown in equations (43) to (45), the 
coordinates on y-axis of the characteristic extracting 
portion to be obtained are yl2, yr2 (step S1602). 

White passing through results of coordinate (xl2, 

20 xr2, yl2, yr2 ) are shown, for example, in Figs. 19C, 
20C. 

y2 = (yel2+yer2)/2 ... (43) 

yl2 = y2-d9 ... (44) 

yr2 = y2+dl0 ... (45) 

25 In the area extracted by the second extracting 

position analyzing circuit 1302, even if there is no 
depression in both neck ends, the neck bone area can be 
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extracted with good precision, and there is no failure 
in the area extraction. 

Subsequently, the comparing circuit 1114c compares 
coordinate distances of xl, x2 following equation (46), 
5 and employs the analysis result of the first analyzing 
circuit 1114a or the second analyzing circuit 1114b 
(step S1405). 

if ( | xl-x2| )<D x3 = xl 

else x3 = x2 ... (46) 

10 Here, when there is depression information in the 

neck both ends, the result of the first analyzing 
circuit 1114a is employed. If there is no depression, 
the result of the second analyzing circuit 1114b is 
employed. When there are depression information on 

15 both neck ends, the first analyzing circuit 1114a is 
not different from the second analyzing circuit 1114b 
in extracting coordinate. When there is no depression 
information, a difference is made in the extracting 
coordinate, which is an experiment fact as a basis. 

20 When there is depression information, the result 

of the first analyzing circuit 1114a with better 
precision is employed. When there is no depression 
information, the result of the second analyzing circuit 
1114b with no failure of area extraction is employed. 

25 Coordinates xl3, xr3 on x-axis of the 

characteristic extracting portion to be obtained are as 
follows: 
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xr3 = x3-dll ... (47) 

xl3 = x3+dl2 ... (48) 
Here, dll "to dl4 are constants, and each of them is, 
for example, 20. 
5 Subsequently, when the change coordinates in x=x3 

are yel3, yer3, as shown in equations (49) to (51), the 
coordinates on y-axis of the characteristic extracting 
portion to be obtained are yl3, yr3. 

y3 = (yel3+yer3)/2 ... (49) 
10 yl3 = y3-dl3 ... (50) 

yr3 = y3+dl4 ... (51) 

The area (xl3, xr3, yl3, yr3 ) is a final characteristic 
amount extracting area. 

Here, as shown in equation (52) the value of x3 
15 may be the average value of xl, x2 . 

X3 = (xl+x2)/2 ... (52) 

For the average value, when there is depression 
information, higher precision is provided. Even when 
there is no depression information, no failure is made 
20 in area extraction. 

Moreover, a value between xl and x2 may be used. 
Even in this case, the extracting area corresponds to 
the neck bone area. 

Subsequently, the characteristic amount 
25 calculating circuit 1114d calculates the average value 
of pixel values in area (xl3, xr3, yl3, yr3 ) , and uses 
the value as the density characteristic amount for 
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gradation conversion (step S1406). Here, "the 
intermediate value in the area, and the like may be 
used. Then, the gradation conversion is performed so 
that the characteristic amount extracted in the 
5 gradation converting circuit 1115 reaches, for example, 
a density value of 1.4. 

According to the embodiment, the throat area is 
extracted from the coordinate determined by the pixel 
average value. Even when there is no depression 

10 information in the neck, the throat area can 
effectively be extracted with good precision. 
Moreover, when there is neck depression information, or 
when there is no information, the coordinate to be 
selected is changed. Therefore, when there is 

15 depression information, the neck area can effectively 
be extracted with good precision. Even when there is 
no information, the area can effectively be extracted 
without failure. Therefore, the density characteristic 
amount for more stable gradation conversion can 

20 effectively be obtained. 
( Sixth Embodiment ) 

Fig. 23 shows the constitution of an X-ray 
photographing device 2100 according to a sixth 
embodiment. Specifically, the X-ray photographing 

25 device 2100 is an X-ray image processing device having 
an image processing function, and is provided with a 
before-processing circuit 2106, a density value 
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converting circuit 2115, a CPU 2108, a main memory 
2109, and an operation panel 2110. These components 
exchange data via a CPU bus 2107 . 

Moreover, the X-ray photographing device 2100 is 
5 provided with a data collecting circuit 2105 connected 
to the before-processing circuit 2106, a two- 
dimensional X-ray sensor 2104 connected to the data 
collecting circuit 2105, and an X-ray generating 
circuit 2101. These circuits are also connected to the 

10 CPU bus 2107. 

The main memory 2109 stores various data necessary 
for the processing in the CPU 2108, and includes a work 
memory for the operation of the CPU 2108. The CPU 2108 
uses the main memory 2109 to perform operation control 

15 of the entire device according to the operation from 
the operation panel 2110. 

Numeral 2111 denotes a passing through extracting 
circuit for extracting the field area (hereinafter 
referred to as the passing through area) which contacts 

20 the passing through area in the constant width; 2112 
denotes an average value preparing circuit for 
calculating an average pixel value of image of the 
object area excluding the passing through area 
extracted by the passing through extracting circuit 

25 2111; 2113 denotes a position extracting circuit for 

detecting a predetermined value (e.g., a maximum value, 
a minimum value, and the like) of the average pixel 
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value calculated in the average value preparing circuit 
2112 to extract a predetermined coordinate; 2114 
denotes an analyzing circuit for performing analysis of 
a range in which characteristic amount is calculated 
5 based on the coordinate extracted by the position 

extracting circuit 2113; 2115 denotes a characteristic 
extracting circuit for calculating the characteristic 
amount from the range obtained in the analyzing circuit 
2114; and 2116 denotes a gradation converting circuit 
10 for performing gradation conversion of original image 
based on the average pixel value extracted by the 
position extracting circuit 2113 and the characteristic 
amount calculated by the characteristic extracting 
circuit 2115. 

15 The image processing device 2100 operates as 

follows: 

First, the X-ray generating circuit 2101 radiates 
an X-ray beam 2102 to an object 2103. The X-ray beam 
2102 radiated from the X-ray generating circuit 2101 is 

20 attenuated and transmitted through the object 2103 to 
reach the two-dimensional X-ray sensor 2104, and 
outputted as an X-ray image by the two-dimensional X- 
ray sensor 2104. The X-ray image outputted from the 
two-dimensional X-ray sensor 2104 is, for example, an 

25 image for medical purposes such as a cervical vertebra 
image . 

The data collecting circuit 2105 converts the X- 
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ray image outputted from the two-dimensional X-ray 
sensor 2104 into an electric signal and transmits the 
signal to the before-processing circuit 2106. The 
before-processing circuit 1106 performs pre-processings 
5 such as an offset correction processing and a gain 
correction processing on the signal (X-ray image 
signal) from the data collecting circuit 2105. The X- 
ray image signal subjected to the pre-processing in the 
before-processing circuit 2106 is transferred as the 

10 original image to the main memory 2109 via the CPU bus 
2107 by control of CPU 2108. 

The flow of an image processing performed in the 
image processing device will next be described with 
reference to the drawings. 

15 Fig. 24 is a flowchart showing the processing flow 

of the image processing device according to the sixth 
embodiment. Fig. 25A shows a cervical vertebra image, 
and Fig. 25B shows a result of calculation of the 
average pixel value in the horizontal axis direction of 

20 the image from which the passing through area of the 
cervical vertebra image of Fig. 25A is deleted. In 
Fig. 25B, ordinate indicates coordinate, and abscissa 
indicates the average pixel value. Fig. 26 shows a 
gradation conversion curve of the gradation converting 

25 circuit 2116, abscissa shows an input image value, and 
ordinate shows the output density after the gradation 
conver s i on . 
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The passing "through extracting circuit: 2111 having 
received the input image processed by the before- 
processing circuit 2106 via the CPU bus 2107 by the 
control of CPU 2108 calculates the maximum value of the 
5 input image, then determines threshold value Thl based 
on the value (S2201). The value Thl is, for example, a 
value of 90% of maximum pixel value of the entire 
image . 

Subsequently, the passing through extracting 
10 circuit 2111 extracts the passing through area and the 
field area contacting the passing through area within a 
predetermined interval and replaces the area with a 
constant pixel value (e.g., pixel value of 0) according 
to equations (53), (54) (S2202). 

15 fl(x,y) = f(x,y)x JJ JJ sgn (x+xl , y +yl ) ...(53) 

xl=-dl yl=-dZ 

Here, f(x, y) indicates image data, and fl(x, y) 
indicates the image from which the passing through area 
and the field area contacting the passing through area 
within the constant interval are deleted. Moreover, 

20 sgn (x, y) is represented as follows, and dl or d2 

denotes a width to delete the field area, and is set 
based on an input image size. In this manner, the 
passing through area and the field area in contact 
within the constant interval are replaced with the 

25 constant pixel value. This is because X rays scattered 
from the passing through area could disturb the image 
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and obstruct excellent characteristic extraction. 
sgn(x, y) = 0 when f(x, y) > Thl 
sgn(x, y) = 1 others ... (54) 

Subsequently, the average value extracting circuit 
5 2112 calculates average value f(y) in y-axis 

coordinates in the image area (that is, image area 
indicating the field area) which cannot be replaced 
with 0 in the passing through extracting circuit 2111 
according to equations (55), (56) (S2203). 
10 For example, Fig. 25B shows the average value f(y) 

for the cervical vertebra image of Fig. .25A. 

Dx Dx 

f(y) = ffl(x,y)xsgn2(fl(x,y) )dx/ [sgn2( f l(x,y ) )dx 



. . .(55) 

15 when x = 0 sgn2(x) = 0 

others sgn2(x) =1 ... (56) 

The position extracting circuit 2113 extracts 
coordinate yl for the predetermined value of the 
average value f(y) calculated by the average value 

20 preparing circuit 2112. For example, in the embodiment 
the coordinate of the maximum value is obtained. The 
coordinate of maximum value f(yl) indicates the area of 
cervical vertebra in the input image, and maximum value 
f(yl) indicates the characteristic amount of cervical 

25 vertebra shown in the input image. 
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Based on the obtained maximum value f(yl) the set 
gradation converting conditions are used to perform 
gradation conversion on the input image in the 
gradation converting circuit 2116. For example, the 
5 gradation conversion is performed so that the maximum 
value f(yl) indicates a density value of 1.6 as shown 
in Fig. 26. 

The average pixel value of the object area 
excluding the passing through area in the sixth 
10 embodiment indicates an area with good X-ray 

transmission and an area with poor X-ray transmission 
(here, the pixel value of the area with good X-ray 
transmission has a high pixel value). Therefore, for 
the average pixel value, for example, the portion 
15 (e.g., neck part) with good X-ray transmission such as 
the cervical vertebra image can easily be separated 
from the portion with poor transmission (e.g., head or 
shoulder part). Specifically, the portion of the noted 
area can easily be extracted (e.g., neck area) from the 
20 average pixel value. 

Furthermore, since the average pixel value 
indicates the value representative of the noted area 
(e.g., the average pixel value of the neck area as the 
noted area), by setting gradation converting conditions 
25 based on the representative value, the density of the 
noted area can stably and favorably be converted. 

Moreover, according to the method of the sixth 
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embodiment, the passing through area is merely deleted 
and the average value is extracted- Therefore, since 
the portion indicating the maximum value or the minimum 
value of the average pixel value is unchanged even 
5 after the parallel movement or the rotating movement of 
the object, the noted area can stably be extracted. 
(Seventh Embodiment) 

Fig. 27 shows a processing flow of a seventh 
embodiment. Fig. 28 A is a throratic spine side view, 
10 Fig. 28B is a diagram showing an average pixel value in 
y coordinates, and Fig. 28C is a diagram showing an 
average pixel value in x coordinates. The throratic 
spine refers to a spinal column area as the root of 
costa. 

15 The processing flow of the seventh embodiment will 

be described with reference to Fig. 27. The same 
processings as those of the sixth embodiment are 
denoted with the same numerals, and the description 
thereof is omitted. Moreover, the embodiment can be 

20 applied to the X-ray photographing device in the same 
manner as the sixth embodiment. 

According to the coordinate yl determined by the 
position extracting circuit 2113, the analyzing circuit 
2114 calculates profile f2(x) = f(x, yl ) (S2505). 

25 Here, f(x, y) denotes the pixel value of the original 
image . 

The analyzing circuit 1114 analyzes the profile to 
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calculate the coordinate xl for calculating the 
characteristic amount. For example, the xl is used as 
the coordinate indicating the minimum value of the 
depression of the profile f2(x) (area a) (S2506). The 
5 bone area such as the throratic spine has a low X-ray 
transmittance, and the pixel value is lowered. 
Conversely, xl may be used as the coordinate indicating 
the maximum value of the protrusion. In this case, the 
area with good X-ray transmittance such as a lung area 

10 is calculated (area b). Here, the depression or the 
protrusion may be judged from a height relation among 
three points on the profile. 

Subsequently, the characteristic extracting 
circuit 2115 extracts the area determined by the 

15 coordinate yl calculated by the position extracting 
circuit 2113 and the coordinate xl calculated by the 
analyzing circuit 2114, for example, a four-side area 
having a predetermined width centering on xl , yl . 
Then, from areas a, b, the maximum value, the minimum 

20 value, the average value, and other statistical amounts 
are calculated as characteristic amounts (S2507). The 
predetermined width is set based on the input image 
size. 

Subsequently, the gradation converting circuit 
25 2116 performs gradation conversion based on the 

characteristic amount. For example, the average value 
of the area a calculated by the analyzing circuit 2114 
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is converted to a density value 1.2 or the like 
(S2508) . 

As described above, in the seventh embodiment, 
after the noted area is extracted in the sixth 
embodiment, analysis is further performed, so that a 
further detailed area (bone, lung, and other areas) can 
be extracted. Therefore, even when lung, bone, skin 
and other types of tissue are present, the areas can be 
extracted. Therefore, by performing the gradation 
conversion based on the characteristic amounts 
extracted in the areas (e.g., bone, lung, and other 
areas ) , the gradation conversion can be performed so 
that the bone, lung, and other areas which are to be 
observed can easily be observed. 

Additionally, needless to say, the object of the 
present invention can also be attained by supplying 
storage medium in which the program code of software 
for realizing the function of a host computer and 
terminals of the above-described embodiments is stored 
to the system or the device, and reading and executing 
the program code stored in the storage medium by the 
computer (or CPU or MPU) of the system or the device. 

In this case, the program code itself read from 
the storage medium realizes the function of each 
embodiment, and the storage medium in which the program 
code is stored constitutes the present invention. 

As the storage medium for supplying the program 



code, a ROM, a floppy disk, a hard disk, an op-tical 
disk, an optomagnetic disk, a CD-ROM, a CD-R, a 
magnetic tape, a non-volatile memory card, and the like 
can be used. 

5 By executing the program code read by the 

computer, the function of the embodiment can be 
realized. Additionally, based on the instruction of 
the program code, an OS or the like operating on the 
computer performs a part or the whole of an actual 

10 processing, and needless to say, the function of the 
embodiment is realized by the processing. 

Furthermore, after the program code read from the 
storage medium is written into a memory disposed on a 
function expansion board inserted into the computer or 

15 a function expansion unit connected to the computer, 

based on the instruction of the program code, a CPU or 
the like disposed on the function expansion board or 
the function expansion unit performs a part or the 
whole of the actual processing, and needless to say, by 

20 the processing the function of the embodiment is 
realized. 
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WHAT IS CLAIMED IS: 

1 . An image processing method for extracting a 
characteristic amount of a photographed image from the 
photographed image obtained by photographing an object, 
comprising: 

a passing through deleting step of deleting a 
passing through area from said photographed image; 

a preparing step of preparing a projection from 
the image from which said passing through area is 
deleted; and 

a setting step of setting a characteristic area of 
said photographed image based on a result of said 
proj ection. 

2 . The image processing method according to claim 
1, further comprising a binarizing step of binarizing 
the photographed image from which said passing through 
area is deleted, wherein in said preparing step, the 
projection of said binarized photographed image is 
prepared . 

3. The image processing method according to claim 
1, wherein in said preparing step, a weighting 
processing is performed in accordance with an input 
pixel value. 

4. The image processing method according to claim 
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1, wherein in said preparing step, a weighting 
processing is performed in accordance with an input 
pixel position. 

5. The image processing method according to claim 
1, wherein in said setting step, said characteristic 
area is set in accordance with a shape of said 

pro j ection . 

6 . The image processing method according to claim 
1, wherein said object comprises a cervical vertebra. 

7. The image processing method according to claim 
1, wherein said characteristic amount for said 
characteristic area is used to perform a gradation 
conversion processing. 

8. An image processing method for extracting a 
characteristic amount of a photographed image from the 
photographed image obtained by photographing an object, 
comprising : 

a preparing step of preparing an outside outline 
of said object from said photographed image; 

a first setting step of setting a characteristic 
area of said photographed image from said outside 
outline; 

an analyzing step of analyzing a density 
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distribution of said photographed image; 

a second setting step of setting the 
characteristic area of said photographed image from 
said density distribution; and 
5 a third setting step of setting the characteristic 

area in said photographed image based on a result of 
said first setting step and/or a result of said second 
setting step. 

9 . The image processing method according to claim 
8, wherein in said third setting step, the results of 
said first and second setting steps are compared, and 
the result of said first or second setting step is 
selected. 

10. The image processing method according to 
claim 8, wherein in said third setting step, 
calculation is performed in accordance with the results 
of said first and second setting steps to set the 
characteristic area in said photographed image. 

11. An image processing method for extracting a 
characteristic amount of a photographed image from the 
photographed image obtained by photographing an object, 

25 comprising: 

a passing through deleting step of deleting a 
passing through area from said photographed image; 



15 
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a calculating step of calculating an average pixel 
value of a predetermined axis direction from the image 
from which said passing through area is deleted; and 

a setting step of setting a characteristic area of 
5 said photographed image based on a shape of a result of 
said calculating step. 

12. The image processing method according to 
claim 11, further comprising: 

10 a preparing step of preparing a profile with 

respect to an axis direction different from said 
predetermined axis direction; and 

a setting step of setting said characteristic area 
based on said profile and said average pixel value for 

15 a site which is to be observed in said object. 

13. The image processing method according to 
claim 11, further comprising a gradation conversion 
processing step of performing a gradation conversion 

20 processing in accordance with said characteristic 
amount . 

14. The image processing method according to 
claim 11, wherein in said passing through deleting 

25 step, the passing through area is deleted in accordance 
with conditions which are set in accordance with a 
density distribution of said photographed image. 
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15- The image processing method according to 
claim 11, wherein said object comprises a cervical 
vertebra . 



5 16. An image processing apparatus for extracting 

a characteristic amount of a photographed image from 
the photographed image obtained by photographing an 
object, comprising: 

passing through deleting means for deleting a 
10 passing through area from said photographed image; 

preparing means for preparing a projection from 
the image from which said passing through area is 
deleted; and 

setting means for setting a characteristic area of 
15 said photographed image based on a result of said 
projection. 



17. An image processing apparatus for extracting 
a characteristic amount of a photographed image from 
20 the photographed image obtained by photographing an 
object, comprising: 

preparing means for preparing an outside outline 
of said object from said photographed image; 

first setting means for setting a characteristic 
25 area of said photographed image from said outside 
outline; 

analyzing means for analyzing a density 
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distribution of said photographed image; 

second setting means for setting the 
characteristic area of said photographed image from 
said density distribution; and 
5 third setting means for setting the characteristic 

area in said photographed image based on a result of 
said first setting means and/or a result of said second 
setting means. 

10 18. An image processing apparatus for extracting 

a characteristic amount of a photographed image from 
the photographed image obtained by photographing an 
ob j ec t , compr i s ing : 

passing through deleting means for deleting a 
15 passing through area from said photographed image; 

calculating means for calculating an average pixel 
value of a predetermined axis direction from the image 
from which said passing through area is deleted; and 

setting means for setting a characteristic area of 
20 said photographed image based on a shape of a result of 
said calculating means. 

19. A recording medium for storing an image 
processing program for extracting a characteristic 
25 amount of a photographed image from the photographed 

image obtained by photographing an object, said program 
comprising : 
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a passing -through deleting step of deleting a 
passing through area from said photographed image; 

a preparing step of preparing a projection from 
the image from which said passing through area is 
5 deleted; and 

a setting step of setting a characteristic area of 
said photographed image based on a result of said 
projection. 

10 20. A recording medium for storing an image 

processing program for extracting a characteristic 
amount of a photographed image from the photographed 
image obtained by photographing an object, said program 
comprising: 

15 a preparing step of preparing an outside outline 

of said object from said photographed image; 

a first setting step of setting a characteristic 
area of said photographed image from said outside 
outline; 

20 an analyzing step of analyzing a density 

distribution of said photographed image; 

a second setting step of setting the 

characteristic area of said photographed image from 

said density distribution; and 
25 a third setting step of setting the characteristic 

area in said photographed image based on a result of 

said first setting step and/or a result of said second 
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setting step. 

21 . A recording medium for storing an image 
processing program for extracting a characteristic 
5 amount of a photographed image from the photographed 

image obtained by photographing an object, said program 
comprising: 

a passing through deleting step of deleting a 
passing through area from said photographed image; 
10 a calculating step of calculating an average pixel 

value of a predetermined axis direction from the image 
from which said passing through area is deleted; and 

a setting step of setting a characteristic area of 
said photographed image based on a shape of a result of 
15 said calculating step. 
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ABSTRACT OF THE DISCLOSURE 

An image processing method for extracting a 
characteristic amount of a photographed image from the 
photographed image obtained by photographing an object, 
5 comprises a passing through deleting step of deleting a 
passing through area from the photographed image, a 
preparing step of preparing a projection from the image 
from which the passing through area is deleted, and a 
setting step of setting a characteristic area of said 
10 photographed image based on a result of the projection. 
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